Introduction
During field studies of resin production in araucarian conifers in New Caledonia, a previously unknown fungus was found growing on semihardened resin of Araucaria humboldtensis (Araucariaceae) on the upper slope of Mont Humboldt in the Southern Province on Grande Terre, New Caledonia. The endemic and endangered host tree is only known from the upper slopes of four mountains in the southern part of the island: Mont Humboldt, Mont Kouakoué, Mont Mou, and Montagne des Sources, where it is restricted to ultramafic soils at elevations between 750 to 1600 m a.s.l. (Jaffré 1995 , Gaudeul et al. 2012 , Kranitz et al. 2014 .
The fungus is characterized by unicellular non-septate ascospores produced in stalked ascomata that develop on solidified resin surfaces. It superficially resembles several other 'calicioid fungi', a polyphyletic assemblage of tiny Ascomycota, characterized by the production of a persistent spore mass (often a true mazaedium containing ascospores and sterile elements) on the tips of usually well-stalked ascomata (Tibell 1984 , Rikkinen 2003a , Prieto et al. 2013 , Selva 2014 . Most previously known resinicolous calicioids belong to the Mycocaliciales (Mycocaliciomycetidae, Eurotiomycetes), with numerous Chaenothecopsis species described from resin and resin-impregnated wood of boreal and temperate northern hemisphere conifers (Bonar 1971 , Tibell & Titov 1995 , Rikkinen 2003a , Tuovila et al. 2011b , Selva 2013 ). Recently we described as a new species Chaenothecopsis neocaledonica from resin of Agathis ovata (Araucariaceae) in New Caledonia , this being the first resinicolous calicioid fungus from southern hemisphere conifers. Another lineage of resinicolous Chaenothecopsis species grows on angiosperm exudates and includes temperate, subtropical and tropical taxa (e.g. Tuovila et al. 2011a Tuovila et al. , 2014 .
The new species from Mont Humboldt is in many respects similar to Bruceomyces castoris, an enigmatic, monotypic resinicolous fungus previously known from western North America. However, it is distinctive enough to merit a new genus. As several anatomical features suggest that it and Bruceomyces belong to the same lineage, we propose to include them in a new family.
Material and methods
Resinicolous fungi and other organisms were collected in 2011 from semi-solidified resin flows on branches of Araucaria humboldtensis (Araucariaceae) from Mont Humboldt in the Southern Province of Grande Terre, New Caledonia. Under closer inspection the resin samples were found to support twelve ascomata of what appeared to represent a previously unknown but highly distinctive resinicolous ascomycete.
Microscopic examination of the newly found fungus indicated that Bruceomyces castoris is its closest previously known analogue. The latter monotypic taxon is only known from three small collections from low elevation conifer forests in western North America (Rikkinen 2003c , Tuovila et al. 2012 . As the original description of Bruceomyces did not include SEM images and/ or photomicrographs of all relevant characters, the anatomy of that species was also revisited and illustrated in order to allow detailed comparison with the fungus from New Caledonia.
Ascomata on the dry-resin samples were imaged under a Carl Zeiss AxioScope A1 compound microscope using simultaneously transmitted and oblique incident lights. Hymenia and mycelia were imaged on a microscopic slide in water using 200¥ to 640¥ magnification, and ascospores were imaged at 1600¥ (oil immersion) magnification, using differential interference contrast (DIC) illumination. For scanning electron microscopy, one dried ascoma was placed on a carbon-covered SEM-mount, sputtered by gold/palladium and examined under a Carl Zeiss LEO 1530 Gemini field emission scanning-electron microscope as described by Beimforde et al. (2011) . Energy-dispersive X-ray spectroscopy (EDX) was performed on the surface of the ascoma using an INCA-EDX system (Oxford Instruments) and an excitation voltage of 15 kV inside this electron microscope. The colour images presented in this paper are digitally-stacked photomicrographic composites obtained from several focal planes using the software package HeliconFocus 5.0 for enhanced illustration of the three-dimensional objects.
We made several careful attempts to isolate DNA from both the new fungus and Bruceomyces castoris, but without success. Further attempts were not possible due to the extreme scarcity of type material of both fungi. For the DNA isolation single ascomata of both species were crushed with a micro glass mortar. DNA isolation was then conducted by using QIAamp DNA micro kit (Quiagen) by following the provided protocol for tissue samples. Several attempts were performed to amplify nuclearencoded ribosomal RNA gene regions of the large ribosomal subunit (LSU) and the internal transcribed spacer (ITS) region. Primers for amplification were ITS4 and ITS5 (White et al. 1990) or alternatively ITS4 and ITS1F (Gardes & Bruns 1993) for the ITS region and LR0R (Rehner & Samuels 1994) , LR3R (Moncalvo et al. 2000) , and LR5 and LR7R (Vilgalys & Hester 1990) for the large ribosomal subunit. PCR reactions were performed in a 25 µl volume containing final concentration of 0.5 µM of each primer, 0.5 µM of each dNTP, 1.25 unit of Gotaq hot start DNA polymerase (Promega), Green PCR buffer with a final concentration of 1.5 mM MgCl 2 , and 2 µl template DNA. PCR cycles consisted of 2 min initial heating to activate DNApolymerase and to ensure that template DNA had denatured, 40 cycles at 94 °C for 45-60 sec of denaturation, at 50-56 °C for 45-60 sec of annealing, and at 72 °C for 45-60 sec of elongation and a final an elongation step at 72 °C for 10 minutes.
For the cultivation of the New Caledonian fungus, spores were detached from a single ascoma using a sterile needle, and transferred in 300 µl sterile 0.9% NaCl solution to obtain a spore solution. eTymology: The species is named after the type locality, Mont Humboldt in New Caledonia, and the endemic conifer host, Araucaria humboldtensis that produces the resin substrate on which the fungus grows.
Apothecia on exudate of Araucaria humboldtensis, 650-1500 µm high. Stipe brownish black but covered by a granular yellowish-brown pruina, straight, sometimes flexuous, 80-140 µm wide. EDX analysis indicated that the pruina contains phosphorus and sulphur. Capitulum brownish black but usually covered by a crust of white or slightly yellowish matter, resembling a 'resin helmet', since its appearance is similar to dry Araucaria humboldtensis resin. Mature apothecia with well-developed reddish brown mazaedium protruding through central part of apothecial disk. Stipe consisting of two layers, hyphae of inner layer (2.5)3.0-4.5(5.4) µm wide, mostly parallel but slightly intertwined, with strongly agglutinated cell walls, outermost hyphae arching and partly horizontal, forming a loose network largely covered by amorphous matter and crystals. Excipulum brown, consisting of periclinally arranged or slightly intertwined hyphae, lower part with smooth surface layer, upper part thickly encrusted by amorphous matter, crystals and detached ascospores. EDX analysis indicates that the crystals are either potassium chloride or calcium chloride. Hymenium and hypothecium hyaline. Asci eight-spored, clavate, often with biseriately arranged spores, 14-28 ¥ 6-9 µm, with 22-43 µm long stalks, with hyaline and relatively thick wall consisting of two layers but not differentiated at apex, formed with croziers. Ascospores non-septate, globose to broadly ellipsoidal, erythrocytelike, pale brown, (3.0)3.6-4.7(5.8) ¥ (2.7)3.3-4.3(4.6) µm, appearing smooth under light-microscope, but with very slight ornamentation of irregular polygonal areas visible in SEM. Paraphyses hyaline, filiform and non-branched, 2.0-4.2 µm wide and very long, septal intervals 12-25 µm.
HabiTaT fog and rainfall which assure an almost constant high humidity year-round. A notable proportion of Araucaria trees at the type locality exhibit insect-induced resin production, sometimes associated with the death of entire branches. The ascomata of the fungus were seen growing solitarily or in small groups on resin surfaces, sometimes on the side walls of deep crevices between consecutive resin flows.
The ascomata of Resinogalea humboldtensis have a typical 'calicioid morphology' in having long and slender stalks and well-developed mazaedia that stain the finger if touched. The accumulation of mature ascospores into a mazaedium is consistent with a spore-saving strategy (Tibell 1994) . Coupled with wellstalked ascomata the mazaedia may effectively promote animal dispersal, which is suggested to be important for the ecology of many calicioid fungi (Rikkinen 1995 , 2003a , Tuovila et al. 2011a , Prieto et al. 2013 ). On Mont Humboldt resin flows caused by invertebrates provide the only available substrate for Resinogalea, indicating that the fungus may be dependent on woodboring insects for both nutrition and dispersal.
Taxonomic noTes: Calicioid fungi are known to represent a highly polyphyletic grouping of representatives from several different linages among the Ascomycota (e.g. Tibell 1984 , Wedin & Tibell 1997 , Wedin et al. 2000 , Lumbsch & Huhndorf 2010 , Prieto et al. 2013 , Tuovila 2013 . The widespread convergence among these fungi is probably linked to the adaptive value of producing stalked ascomata with spore-saving mazaedia in many of the microhabitats typically inhabited by calicioid fungi (Rikkinen 1995 (Rikkinen , 2003a . In fact, Paleogene amber fossils show that the morphology and ecology of three distantly related lineages of calicioid fungi have remained unchanged for at least tens of millions of years (Rikkinen & Poinar 2000 , Rikkinen 2003b . The ascus type and several other anatomical features of Resinogalea humboldtensis are clearly different to those of Chaenothecopsis species and they also rule out any close affinities with other genera of mycocalicioid fungi. In its overall habit Resinogalea more closely resembles Roesleria, Roeslerina, and also some species of Sclerophora and Chaenotheca (Table 1 ). All these fungi produce slender-stalked ascomata and have well-developed, often brown mazaedia. Bruceomyces castoris is an even closer analogue, both with respect to general morphology (Figs. 1 and 4 ) and the anatomy of asci and paraphyses (Figs. 2 and 4) . Only the shape and ornamentation of ascospores and the anatomy of the stipe are different (Figs. 3 and 5) .
Resinogalea and Bruceomyces both resemble Sclerophora and some Chaenotheca species (Coniocybales) in producing stalked asci singly with croziers. However, the asci of the two latter genera are cylindrical, thin-walled and dissolve at early stages. Furthermore, in contrast to Resinogalea and Bruceomyces, all presently known species of Coniocybales (Coniocybomycetes) are lichen-symbiotic and live in obligate association with green algae. Resinogalea and Bruceomyces have prominent paraphyses and broadly clavate, well-stalked and relatively thick-walled asci that persist until the spores are nearly mature. Roesleria and Roeslerina (Roesleriaceae, Helotiales) have similar paraphyses, but their cylindrical asci develop without croziers and their ascospores are subglobose to lentiform, sometimes appearing 1-septate from side view, and characteristically organized like a row of beads within the ascus. Furthermore, all presently known species of Roesleria and Roeslerina are parasitic on plant roots (Redhead 1984 , Yao & Spooner 1999 , Kirchmair et al. 2008 , Neuhauser et al. 2011 .
As Resinogalea humboldtensis, in our opinion, cannot be accommodated in Bruceomyces, it is here placed in a new genus. However, many shared anatomical features suggest that the two fungi are related and especially their asci and paraphyses are very similar. The relationship is also supported by a similar substrate and habitat ecology: both fungi produce ascomata on semi-solid conifer exudates and appear to be restricted to constantly humid temperate environments. However, the ascospore structure of the two fungi are distinctive enough to support their placement in different genera of the same family. We assume a larger potential diversity of both genera, but a review of all recent taxonomic literature of different groups of calicioid ascomycetes indicates that they cannot be accommodated in any of the currently recognized families. A new family is, therefore, proposed here for the two genera, without placing this family in any lineage at a higher taxonomical level (Ascomycota incertae sedis). Redhead (1984) , Yao and Spooner (1999), and Kirchmair et al. (2008) , and Chaenotheca and Sclerophora (Coniocybaceae, Coniocybales) according to Tibell (1984 Tibell ( , 1999 Ascomata stipitate, capitate, developing on conifer resin or occasionally on resin impregnated lignum. Stipe slender, mainly consisting of periclinally arranged hyphae. Excipulum developed as extension of outer layers of stipe. Hymenium hyaline, loosely packed with asci and paraphyses. Asci formed with croziers, clavate, stalked, eight-spored, often with biseriately arranged spores; wall consisting of two-layers, not differentiated at apex, releasing mature spores into a powdery mass on top of capitulum. Paraphyses hyaline, wide and distinctly septate. Ascospores non-septate, globose or broadly ellipsoidal, hyaline to pale reddish brown, smooth or distinctly ornamented.
Two genera are currently recognized in Bruceomycetaceae, and ascospore structure is recognized as the primary character separating Bruceomyces from Resinogalea, with the former fungus having broadly ellipsoidal, distinctly ornamented spores, and the latter having erythrocyte-like, smooth spores. For convenience of reference, an emended description of Bruceomyces ascospores is given here. The ascospores of Bruceomyces are non-septate, broadly ellipsoidal with rounded ends, and have a surface ornamentation of longitudinally arranged wrinkles visible even under the light microscope (Fig. 4F) . In SEM the outer layer of the spore is seen to have a distinctive ornamentation of interconnected, winding and branched ridges (Fig. 5G) . The ridged outer layer of the spore wall eventually ruptures as it swells strongly after being mounted in water.
The inclusion of Bruceomyces and Resinogalea into the same family does not resolve the phylogenetic position of these enigmatic fungi. As they share several anatomical features with Coniocybomycetes they might have some affinity to that lineage of obligate lichen-symbionts. However, solving this matter will require more material and molecular evidence. 
